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Abstract
A series of novel poly(ester-1m1de)s were prepared by the
reaction of
meta-
and para-substituted trlmellltimide dicarboxylic
diacid chlorides with various diols containing four, five, six, seven,
eight, nine, ten and twelve methylene groups by a solution
polymerization technique utilizing refluxing 1,2,4-trichlorobenzene
as a solvent. The poly(ester-1mide)s were characterized by dilute
solution viscosity, infrared spectroscopy, differential scanning
calorimetry and polarized light microscopy. The inherent viscosities
of the meta-substituted poly(ester-imide)s ranged from 0.06 to
0.25 dL/g while those of the para-substituted poly(ester-imide)s
ranged from 0. 1 0 to 0.65 dL/g and were obviously of higher
molecular weight. The meta series were amorphous and showed no
mesophase formation. The para-substituted poly(ester-1m1de)s




Liquid crystals have been referred to as the fourth state of
matter. The liquid crystalline state is in between that of an ordered
crystalline solid and a completely disordered , or isotropic fluid.
Liquid crystalline states often appear turbid or opalescent. Lyotropic
liquid crystals exhibit mesomorphlsm In solution while thermotropic
liquid crystallinity is observed in the neat state upon heating.
In the past 25 years, liquid crystals have found widespread
applications because of their unusual properties. Low molecular
weight (LMW) liquid crystals have important uses in liquid crystal
displays, 1e: calculators and televisions. Their low power
consumption makes them ideally suited for portable devices.
Cholesterlc LMW liquid crystals are useful as laser-blocking notch
filters and are used as coatings for the purpose of thermal mapping.
Polymeric of high molecular weight (HMW) liquid crystals are being
used as engineering plastics and ultra-high strengh fibers.
HISTORY
In 1888, Reinitzer was the first to observe the liquid crystalline
state. Upon heating a cholesteryl ester, he observed first the melting
of the solid, and then the formation of an opalescent liquid crystal
phase, followed by clearing upon furthur heating.
1
p-Azooxyanisole, 1 ,
was the first synthetic compound found to exhibit liquid crystalline
properties.^
""v //
In 1922 Friedel developed the classification system currently in
use for liquid crystals, where two major orders exist,
one-dimensional ly ordered or nematic systems, (including cholesteric
or twist nematic) and two-dimensional ly ordered or smectic systems,
along with corresponding
sub-classes4
In 1 925 Zocher observed the
phenomena of birefringence In a suspension of anisotropic particles in
the field of a polarized light microscope (PLM).
5
Polymeric Liquid Crystals:
In 1961 Robinson observed liquid crystalUnity in a 6% DNA/O.lM
NaCl solution, one of the first observations of liquid crystalllnlty in a
HMW biological molecule
6
The development and investigation of
para-linked aromatic polyamldes led to the discovery of lyotropic
liquid crystalline solution characteristics by Kwolek and the Dupont
team. Several of these polyamides, 2, 3, from Kwolek's 1972 patent










These macromolecules are lyotropic in solution, but strong solvents
are required. Polymers of structure type 2 require 100% sulfuric
acid
as a solvent, unless other substituents are present on the rings.
Polymers of structure type 3 are generally more soluble and solvents
such as dimethylacetamide (DMAc) with LiCl may be used. At
concentrations of above 8%, a nematic phase forms. Many variations
on structures 2 and 3 have been developed which also show liquid
crystalline properties. The polyamide structure 3 where
R"
is
1 ,4-phenylene is known as Kevlar, and has found widespread
applications.
In 1973 Jackson and coworkers at Tennesee Eastman patented the





The liquid crystalline character of these materials was indicated in
19759
It was found that systems containing 60 mol% and more HBA
form thermotropic nematic liquid crystals.
In 1975, Roviello and Sirigu prepared novel poly-alkanoate, 5, by











The examined polymers melted to give anisotropic liquid phases, and
were the first thermotropic liquid crystalline polymers discovered.
In 1975 de Gennes published a paper outlining the theoretical
concept for semi-flexible thermotropic polymers.
' J
Flory conducted a
study In 1978 on the liquid crystal forming capacity of
macromoiecuies with rigid and nexioie
segments.15
These two
studies have inspired furthur research in the area of semi-flexible
liquid crystalline polymers.
Classification Systems of Liquid Crystals:
Liquid crystals are divided Into two separate
classes,thermotroplc or lyotropic, depending on how they form.
Thermotropic liquid crystalline materials are composed of a single
component, and attain liquid crystalline transitions with changes In
temperature. This class has two sub-classes. Enantlotropic liquid
crystals form mesophases by heating the solid, or cooling the
isotropic liquid. Monotropic liquid crystals form mesophases only
upon cooling the Isotropic liquid.
Lyotropic liquid crystal phase formation occurs as a function of
concentration and temperature while In solution. For amphlphillic
surfactants, this minimum concentration is known as the critical
micelle concentration.
in the nematic (from the Greek word for thread) phase, a
threadlike morphology Is seen In the polarized light microscope. This
phase has one-dlmenslonal ordering. The mesogens align parallel to
the local director , ft The alignment of the mesogens Is not precisely
parallel because of thermal fluctuations (Figure 1).
Figure 1. Nematic Organization In Main Chain
Polymer.16
4
The molecular alignment of nematic phases may be quantitatively
expressed by the order parameter S, where S
= 1
/2<3cos' - 1 >
,
and
is the angle between the molecular axis and the local director. An S
value of 0 signifies an isotropic system, and a value of 1 signifies
perfect uniaxial alignment. In observed nematic systems, S ranges
from 0.3 to 0.8.
13
One special type of nematic phase is the twist nematic, which is
commonly referred to as the cholesterlc phase. This character arises
frequently In cholesteryl derivatives, (whence the name ). It Is also
seen in other chlral molecules. The cholesterlc mesophase may be
viewed as layers of nematics with each subsequent layer being rotated
by the same angle (Figure 2). The cholesterlc mesophase may be
characterized by two parameters, the order parameter (S) and by the
pitch (P). The pitch Is the distance required for the directional axis to
undergo 360 degree rotation. The pitch in a cholesterlc phase changes
as a function of temperature. This pitch change gives interesting















Figure 2. Cholesteric Ordering and Pitch
27
The most highly ordered liquid crystalline phase is the smectic
(from the Greek word for soap) phase. A smectic phase has
two-dimensional ordering. As In the nematic phase, the mesogens are
aligned parallel to the local director, but unlike the nematic phase, the
mesogens are also aligned with adjacent mesogens (Figure 3). Today it
is recognized that at least eleven types of smectic phase structures
exist, depending upon the detailed molecular ordering within the
lamellas.
Figure 3. Smectic Organization in Main Chain
Polymer.16
Monomesomorphic materials exhibit a single mesophase
transition. Polymesomorphic materials exhibit two or more
mesophase transitions. For example a polymesomorphic system may
form a smectlc phase upon melting, and then form a nematic phase
upon furthur heating, before reaching it's clearing temperature (Ti).
Classification of Liquid Crystals:
Liquid crystals are commonly classified by five methods: 1 )
Optical texture observations with a polarizing light microscope (PLM),
2) Differential scanning calorimetry (DSC); 3)Misclbllity studies; 4)
X-ray diffraction; and 5) Induced molecular orientation.
Liquid crystal mesophases may be identified by the textures
characteristically exhibited by the mesophase when viewed between
crossed polarizers on an optical microscope equipped with a hot stage.
These textures are caused by the phenomenon of birefringence.
Birefringence is an optical effect that occurs when
n- nil* 0 , (n
index of refraction). If an isotropic material is viewed between
crossed polarizers, the net polarization plane will remain unchanged ,
and the field will appear dark. If an ordered or anisotropic material
is viewed between crossed polarizers, the field will appear light.
Different liquid crystal mesophases display characteristic
blrefringent textures. Some researchers also believe that the
brightness of the birefringence can give a qualitative indication of the
degree of liquid crystalUnity.
1 4
The texture of the nematic
mesophase can be described as threaded and/or Schlieren (Figure 4).
The Schlieren textures display dark brushes which correspond to line
defects along which no local director n can be
defined.15
At certain
points two dark brushes may meet. At other points four brushes may
meet. The dlscllnation strength ISI equals ( number of brushes/4 ).
Figure 4. Nematic Schlieren Texture, ( ISI
= 1/2 and
I).17
The sign of S is associated with the direction the brushes turn
as the polarizer Is rotated, which In turn depends on molecular
orientations. If two brushes meet and/or two and four brushes meet,
the phase Is Identified as a nematic. If four brushes meet only, the
mesophase is identified as a
smectlc.16
Besides exhibiting Schlieren textures, smectlc
phases may
display focal conic or fan shaped textures, depending
on the specific
smectic phase (Figure 5).
Figure 5. Smectic A, Fan Shaped Texture.
] 7
Cholesteric mesophases sometimes display Schlieren textures,
and sometimes focal conic textures, but often appear as oily streaks,
or an iridescent streaked
texture.17
Focal conic textures are
fingerprint like patterns due to the optical rotation of light by the
cholesteric phase.
Differential Scanning Calorlmetry (DSC) is an excellent method
for Identifying mesophase formations. In power compensated type DSC
the sample and the reference are maintained isothermal ly by use of









Figure 6. Schematic Diagram of
DSC27
8
The recorded parameter is dAQ/dt which is approximately equal to
dH/dt. The DSC will show any thermodynamic transitions, including
the glass transition (Tg), the melting point (Tm), as well as solid
state crystalline transitions and liquid crystalline transitions. First
order endotherms appearing at temperatures higher than the melting
endotherms upon heating, may be caused by mesophase transitions.
DSC alone however Is not enough to verify mesophase formation. DSC
must be used in conjuction with other techniques such as polarized
light microscopy or x-ray diffraction for definitive conclusions.
DSC has some limited use in characterization of the mesophase.
Measuring the AH of isotropization, will give some information
regarding the preceding mesophases order. Nematic mesophases
typically have aHI of about 0.35 to 0.85 kcal/mole repeat unit.
Smectic mesophases have aHI of about 1 .5 to 5.0 kcal/mole repeat
unit. Some polymers exhibit values higher or lower, so this method Is
not always accurate.
Miscibility studies are sometimes useful In phase classification.
LMW reference compounds with known mesophase identities are mixed
with the polymer on the hot stage of a PLM. If the main chain polymer
exhibits uninterrupted miscibility with the LMW reference compound,
isomorphism is established with the reference compound. While
complete miscibility establishes Isomorphism, the converse Is not
necessarily
true.18
X-ray diffraction can provide more detailed Information on the
arrangement of molecules in a liquid crystalline mesophase. Nematic
and smectlc samples yield comparitively simple diffraction patterns
when powder samples are run with no applied external orienting field.
The diffraction pattern can be divided into a sharp inner ring, and one
or more diffuse outer rings. The outer ring represents the lateral
molecular spacings, or the distance between the polymer chains. The
inner ring represents the smectlc layer spacings, or the distance





Figure 7. (a) X-ray diffraction apparatus and (b) typical diffraction
patterns.18
A mono-domain sample can be prepared by orienting the powder sample
in a magnetic field. A mono-domain sample gives more detailed
structural information from It's diffraction diagram. Note that a
typical liquid crystal is considered a powder sample, as polymer
orientation is local only (Figure 8).
Figure 8. Schematic dlaqram of nematic phase with orientation
domains.2^
The last method used to characterize liquid crystals is induced
molecular orientation. Most fluids become birefrlngent when placed in
10
a strong electric field. For polymeric liquid crystals, the fields
required to induce orientation are much lower for the liquid
crystalline state than for the isotropic state. Mesophase formation
may be assumed if a significant drop in field strength required to
induce orientation is observed while raising or lowering the polymer
temperature 1n the liquid state. Hardouin studied semi-flexible




and found that the threshold field strength for Induced orientation
increased while increasing n from 5 to 9. When n equaled 1 2, no
orientation was
observed20
High molecular weight polymers are also
difficult to orient. Because of these limitations this method is not
often used for the characterization of polymers.
Structural Requirements of Liquid Crystals
In thermotropic LMW molecules, several characteristics are
necessary for liquid crystallinlty to be observed . 1 ) The
molecule
must be rigid or have a rigid segment, (often aromatic). 2) The rigid
segment must have a high aspect ratio, (length longer than it's width).
3) There cannot be any bulky substltuents on the rigid segment. 4)
Weak polar groups such as C=0 attached to the rigid segment may
enhance crystalUnity. 5) To achieve low transition temperatures.the
molecule must have some flexible nature, often achieved via alkyl






This molecule,8, is represented schematically below:
8
Cholesterlc liquid crystals also contain a chlral element,
In thermotropic polymeric liquid crystals, the same general
structural requirements hold true. There are two common ways of
achieving thermotropic liquid crystallinity in polymers. Side chain
liquid crystal polymers have a flexible main chain, ( usually vinyl,
methylvlnyl, or slloxane based), to which the rigid mesogen is
connected by a flexible spacer group, often methyene units. A
schematic of a side chain polymer, 9 , is shown below :
WWW0
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Main chain thermotropic polymers, 10 , have the rigid mesogen
linked directly in the polymer chain, separated by flexible spacers as
shown schematically below :
}~
10
Structure - Property Relationships in Semi-Flexible Thermotropic
Polymers:
For the purpose of processing, It Is desirable to lower the melting
temperatures of the polymers, while maintaining thermotropic
properties. This has been accomplished by 1) Introduction of rigid
kinks Into the straight polymer chains; 2) substitution on the aromatic
rings of the mesogen; and 3) introduction of flexible aliphatic spacers
into the rod-like aromatic structure. Often a combination of two of
these approaches is used to give the desired melting point and
mechanical properties.
Introduction of rigid kinks effectively lowers the melting point of
a main-chain polymer, but often the linearity of the polymer may be
disrupted so that an amorphous polymer results. In a study by
Kricheldorf and Pakull, it was found that introducing a meta-linkage in
a poly(ester-imlde) failed to yield a crystalline material as shown by
x-ray
diffraction.21
Mesogen substitution has proven to be a more effective method of
lowering the melting point of a polymer while still retaining it's
thermotropic nature. Monosubstitution on the mesogen causes a
decrease in both melting points and clearing temperatures. This
effect is predominantly a steric effect, due to
increased separation of
the mesogenic units. The temperature ranges, AT, of the resultant
mesophases do not follow a simple relationship with substituent size.
13
Polar substltuents often Increase aT, perhaps due to their ability to
stabilize the
mesophase22
Introducing aliphatic flexible spacers ( ie: -(O^-, or
-(CH2CH20)n-) into main chain liquid crystalline polymers has proven
to be a very effective method of lowering the transition temperatures,
while retaining liquid crystalline properties. Changing the length of
the flexible spacer by varying the number of atoms has several
effects. The transition temperatures, (Tm, Ti), decrease as the spacer
length Increases. In some cases longer spacers permit smectic phases
to form, possibly by rendering a higher degree of freedom to mesogenic
units, which permit them to form the smectlc phase. Another well
documented phenomenon associated with changing the spacer length is
the
"odd-even"
effect. Semi-flexible polymers with an even number of
atoms in the spacer tend to have higher transition temperatures than
the corresponding polymers with an odd number of atoms in the spacer
This
"odd-even"
effect is a conformational effect due to the fact that
the extended conformation of a flexible spacer with an even number of
atoms is nearly linear, while the spacer with an odd number of atoms
is not. The linear spacer allows for closer packing, and more order. A
plot of transition temperatures versus the number of atoms in the
spacer for a thermotropic semlflexlble polyester Is shown below
(Figure 9).
Figure 9. Plot of transition temperatures versus
*
of atoms in
spacer for a semi-flexible thermotropic
polymer.30
14
This effect gradually disappears as spacers Increase in size to more
than 12 atoms. This behavior Is typical of semlf Jexlble polymers with
a definite rigid segment, flexible segment alternating structure.
The melt viscosity of thermotropic polymers drops significantly
upon mesophase formation. For example, the effect of temperature on
the melt viscosity of PBN/50 mol% SDA thermotropic copolyester is
shown below (Figure 10). For this copolyester, a minimum Is exhibited
In the melt-viscosity vs. temperature plot where the mesophase order
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Figure 10. Effect of temperature on melt viscosity of
thermotropic copolyester
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This lowered melt viscosity Is a significant advantage In Injection
molding, as more detailed parts can be produced with less pressure.
Polv(ester-1m1de)s
Polylmldes are a class of materials having excellent resistance
to high temperatures, giving them high continuous use temperatures.
Most of these materials cannot be molded as polylmldes, but must be
first shaped as the polyamic acid precursor which Is then converted to
polylmlde by furthur heating. Recently imide copolymers have been
15
synthesized with several aims in mind. One; to produce a copolylmide
that may be molded in the range of normal processing temperatures,
while still retaining a high degree of thermal stability, and two; to
produce a copolylmide with liquid crystalline properties In the melt.
The long range order of the liquid crystalline phase Is desirable in the
melt, as the polymers can retain these molecular orientations upon
colling, giving them exceptional mechanical properties such as high
tensile strengths and low mold shrinkage. These types of materials
are known as engineering plastics.
The phthalimlde group makes a good mesogen due to It's rigid,
aromatic structrure. In a study published in 1985 Kricheldorf and
Pakull synthesized thermotropic poly(ester-imide)s by co-condensing
N-(4-hydroxyphenyl)trimellitic acid with 4-hydroxybenzoic acid or






None of these copoly(esterimide)s formed a mesophase at
temperatures below 420 C. As a result of this study, it was decided
16
to synthesize thermotropic poly(ester-imides)s which can be
processed at temperatures below 380 C by placing aliphatic spacers
in the backbone.
In a subsequent study published In 1988, Krlcheldorf and Pakull
succeeded
25
Trlmellltlc acid was reacted with a series of oc, u)
-diamines to yield the corresponding bis-imlde diaclds. The dlacids
were condensed In bulk with a blsacetate of a blsphenol, In the




The resultant thermotropic poly(ester-1mide)s had melting points
ranging from 250 to 400 C, and formed smectlc mesophases.
Krlcheldorf and Pakull concluded that the polymer series made from
4,4'-dihydroxybiphenyl would be best suited for mechanical processing
from the mesophase, due to the large mesophase ranges, (a Tm-i), of
60 to 120 C.
Advantages of Thermotropic Liquid Crystalline Materials-
One advantage of the presence of thermotropic liquid crystalUnity
Is the capability of attaining appreciably higher tensile and flexural
properties In the direction of orientation in injection-molded
specimens. These properties are much higher than can be attained
with non-liquid crystalline polymers.
17
Objectives
The objective of this resarch project was to prepare a series of
novel poly(ester-imide)s having the general structures 17 and 18
shown below. Once prepared, they would be characterized for








The first step of this project Involved the synthesis of two
diacid chloride monomers, 15 and 16, containing the
trimellitlmide group, shown below.
18
15
Commercially available trimellitic acid anhydride (TMA) was reacted
with either para or meta aminobenzoic acid using the method of Augl
and Wrasidlo
26
to give the corresponding trlmellltimlde diacids, 1 3
and 14 The diacids were converted to the more reactive dlacid




C-OH 4 SOCL2 -> 1 6
14
The diacid chlorides were reacted with various dlols using a solution
polymerization technique to give the title poly(ester-1mide)s, 1 7
and 18.
15 + HO(CH2)nQH 1.2.4-trichlorobenzene, 17
16 + HO(CH2)nOH 1,2,4-lrichlorobenzene, 18
n = 4-10,and12
The second part of this project Involved the characterization of
the poly(ester-1m1de)s by dilute solution viscosity, infrared




The title poly(ester-im1de)s having the general structures 17
and 18, were prepared by treating various diols with dicarboxyllc
acid chlorides containing a trlmellitimide group using a solution
polymerization technique. A total of 16 were prepared and








The N-(4-carboxyphenyl)-4-(carboxy)phthal1m1de ,13 and
N-(3-carboxyphenyl)-4-(carboxy)phthalim1de, 14 were prepared by
reacting commercially available trlmellitic anhydride with either
4-aminobenzoic acid or 3-aminobenzoic acid using the procedure of
Wrasidlo and Augl
26
The properties of premonomers and monomers
21
are shown in Table 1 . Reasonable yields of about 70% were obtained.
Thediacid 13 was very soluble in boiling DMF and almost insoluble in
cold DMF. After precipitation some additional cold DMF was added to
the thick mixture to facilitate filtration.
The diacid 14 was recrystallized by precipitation from DMAc
into methanol. The diacid 14 was very soluble in boiling DMAc, but
dissolved slowly. After purification and drying, the identities of the
diacids were established by elemental analysis and infrared
spectroscopy. Imide formation was confirmed by the imide C=0
stretching vibrations at 1735 and 1785
cm'1
(Fig. 11, pg. 61).
The diacids were treated with excess thlonyl chloride under
reflux conditions to yield the corresponding diacid chlorides,
N-(4-chloroformylphenyl)-4-(chloroformyl)phthalim1de ,15 and
N-(3-chloroformylphenyl)-4-(chloroformy1)phthalimide, 1 7 in
approximately 100% yields.
The excess thlonyl chloride was removed by simple distillation,
and after drying In vacuo, a reddish brown solid remained. Crude
yields of approximately 100% were obtained. The diacid chlorides
were purified by two methods: recrystallization from benzene, or
repreclpitation from benzene with n-hexane. The precipitation into
n-hexane gave better yields because the diacid chlorides were
somewhat soluble In cold benzene . The dlacldchlorlde 15, mp
175-177 degrees C was purified twice, while the dlacldchlorlde 17,
mp 1 9 1
- 1 95 degrees C was purified once. After purification and
drying, the Identities of the diacid chlorides were established by
elemental analysis and infrared spectroscopy. The broad absorption
bands present between
2500-3000cm"1
In the diacid analysis due to
-OH stretching vibrations were absent, due to conversion to diacid
chloride. The CO stretching absorption of the terminal carbonyl





expected in conversion from acid to acid chloride , (Fig. 12, page 63).
22
Elemental Analysis
%Y1eld mpC C H N CL






































a) decomposition occured before the compound melted.
TABLE 1 : Properties of premonomers and monomers.
Solution Polymerization
Solution techniques may be used for condensation (step-growth)
or addition (chain-growth) polymerizations. Addition type
polymerizations are generally highly exothermic, and the solution
provides an effective method of limiting the reaction temperature.
Condensation polymerizations are generally not as exothermic, but
choosing a solvent with a
high enough boiling point will ensure the
necessary activation energy for the
reaction to occur, as the solvent
refluxes. A disadvantage of solution polymerizations is that the
solvent must be removed from the product, which sometimes is
difficult.
In condensation polymerizations a broad
molecular weight
distribution is attained. In the type of condensation polymerizations
where two dlfunctlonal monomers aA-Aa and
bB-Bb Join together to
form
-[A-A-B-B-]-
with the liberation of 2ab, several requirements
must be met In order to achieve a high
molecular weight polymer.
Exactly equal molar quantities
of each monomer must be present.
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The monomers must be of high purity, (or known purity with no
reactive functional groups in the impure portion). A high reaction
conversion of reactants to polymer must be achieved. Lastly, an
absence of side reactions is required.
The diols used in this synthesis were 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol,
1,9-nonanediol, 1,10-decanediol, and 1,12-dodecanediol. The diols of
99% purity or higher were used as obtained from Aldrich. Diols
1,5-pentanediol, 1,7-heptanediol, 1,8-octanediol, and 1,9-nonanediol
were fractionally distilled under vacuum, and the middle fractions
were used,
The general equation for this polymerization is shown below.
HO(CH2)nOH
n = 4-1 0, and 1 2
1,2,4-trichlorobenzene yWMCHAfln
Solution polymerization techniques were used in the reactions
of the diacid chloride and dlol monomers, and utilized refluxing
1,2,4-trichlorobenzene as the solvent, giving a reaction temperature
of 214 degrees C. Equlmolar quantities of reagents were used. With
the exception of 1,4-butanediol, 1,5-pentanediol, and
1,7-heptanediol all of the diols were solids. The reactions were
judged to be complete when no further HCL(g) evolution was
observed, as tested with litmus paper.
24
In the case of the para-linked poly(ester-imide) series 17 , the
polymers precipitated from the reaction mixture upon cooling,
allowing for an easy workup. For the meta-linked poly(ester-imide)
series 18
, the polymers remained in solution neccesitating
precipitation with n-hexane. Yields of 70-100% were obtained by the
solution polymerization method, with inherent viscosities ranging
from 0.06 to 0.65 dL/g.
Melt polymerizations have been shown to give better results,
due to the fact the reaction is pushed to completion by removal of
products. The polymer is obtained in a pure state, no workup Is
necessary. Polymers made by this method have also shown
Interesting mesophase formations, not seen in similar corresponding
polymers prepared by a solution technique.
Properties of the para-linked poly(ester-imide) series are
summarized in Table 2. Yields ranged from 79.1-97.1%. Inherent
viscosities ranged from 0.10 dL/g to 0.65 dL/g. The inherent
viscosities for all the po1y(ester-imide)s of this series with the
exception of 17a and 17b indicate that high average molecular
weights were achieved. The capillary mp's for this series ranged
from 158 to 245 degrees C. The melting points exhibit the odd-even
effect that has been documented in semi-flexible polymers as shown
by plotting Tm versus n (where n equals the number of methylene
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Figure 1 3. Plot of Tm versus
*
of atoms in spacer for 1 7 series
poly(ester-imide)s.
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The infrared spectra for the po1y(ester-imide)s show the
expected absorptions for aliphatic C-H stretching at 2860 and 2940
cm-1, aromatic C-H stretching at 3080 cm"1, imide CO absorptions
at 1 730 and 1 790
]





n %Yield Tm(C)a nmr>/g Tm(C)
TuoC)
ATm-i(C)
17a 4 79.1 237-245 0.10 220 237 17
17bd
5 92.7 166-212 0.24
17c 6 91.5 209-219 0.52 200 217 17
17d 7 89.8 162-182 0.65
17e 8 95.4 199-213 0.60 165 193 28
17f 9 82.6 168-222 0.62 112
179 10 90.7 170-178 0.61 162 172 10
17h 12 97.1 158-172 0.59 160
a) Capillary melting points.
b) Inherent viscosities determined in m-cresol, c
= 0.5 g/dL.
c) Temperatures obtained from the second heating of the DSC
thermograms.
d) Glass transition temperature of 75 degrees C was observed
Table 2: Properties of Poly(ester-imide)s, 17 Series.
Poly(ester-imide)s 17a, 17c, 17eand 17g exhibit
thermotropic liquid crystalline properties as determined by DSC and
PLM determinations. Po1y(ester-imide)s 17b and 17d appear
amorphous, while 17f and 17h exhibit crystalline properties as
solids, but show no signs of having liquid crystalline mesophases.
The first heating (Hi ) DSC thermograms are different than the
second heating (H2) thermograms. The para-linked
poly(ester-imide)s 17a-h first crystallize from solution giving a
crystal different in morphology than the crystal obtained by cooling
from a polymer melt. The first heating (H1 ) transitions are
commercially more informative, 1e: the case that someone
was
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interested in injection molding parts from a thermotropic polymer
and desired quenched mesophase morpholgy in the product.
The H2 transitions are more convenient for the purpose of
comparison to photomicrograph samples, because the crystalline
history is similar.
The DSC peaks were assigned at peak maximums. Tm represents
the melting point endotherm. This is also the point at which
mesophase formation begins, If a thermotropic mesophase is present.
Ti represents the mesophase endotherm. This is also the point of
maximum mesophase order, and the point at which disordering of the
system or clearing begins.
In poly(ester-imide) 1 7a, the DSC H2 thermogram exhibits an
endotherm at 220 degrees C corresponding to Tm, and at 237 degrees
C corresponding to Ti (Fig. 14, pg. 28). The exotherm at 135 degrees C
may be due to cold crystallization of the polymer sample.
Photomicrographs taken of the sample between crossed polarizers,
confirmed mesophase formation. The photomicrograph taken at 220
degrees C shows a birefringent texture, formed immediately after
the sample melted (Fig. 15, pg.29). The texture remained until 250
degrees C, at which point the sample appeared isotropic. Upon
cooling the sample, the birefringent phase reappeared at 220 degrees
C(Fig,16,pg.29).
The DSC H2 thermogram of poly(ester-imide) 17c exhibits a Tm
of 200 degrees C and a Ti of 2 1 7 degrees C (Fig. 1 7,pg.30).
Photomicrographs taken of the sample between crossed polarizers,
show a slightly birefringent texture at 170 degrees C indicating
crystalline morphology while the sample was a solid, (Fig. 18 ,pg.31),
and a more defined birefringent texture confirming mesophase
formation in the liquid state at 218 degrees C (Fig.19,pg.31). The
mesophase remained stable up to 228 degrees C, at which point
clearing occured. Upon cooling past 185 degrees C, a birefringent
texture reappeared, indicating return to the solid state after
supercooling.
The DSC H2 thermogram of poly(ester-imide) 17e exhibits a Tm
of 165 degrees C, a Ti of 193 degrees C, and a transition believed to
be solid-solid crystalline at 154 degrees C(F1g.20,pg.32). PLM
observations confirm mesophase formation. At 180 degrees C a
birefringent texture was initially observed, (Fig.21,pg.33), which












































Fig. #15. PLM 17a 220C (heating)
















#18. PLM 17c 170C (heating)
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Fig. #21. PLM 17e 180C (heating)
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Upon cooling, a birefringent texture reappeared at 175 degrees C
(Fig.22,pg.33). Again this likely indicates the return to solid state of
the sample after supercooling.
The DSC H2 thermogram of poly(ester-imlde) 1 7g exhibited a
Tm endotherm at 162 degrees C and a Ti of 172 degrees C
(F1g.23,pg.35). PLM observations show some crystalline morphology
In the solid state as shown as faint birefringence of the solid state
at 50 degrees C (F1g.24,pg.36). At 170 degrees C , the melting point
of 17g, the birefringence largely disappears (Fig.25,pg.36). At 175
degrees C, the mesophase forms as shown by the birefringent texture
(Fig.26,pg.37). Clearing occurs at 180 degrees C.
The birefringent textures observed for the liquid crystal
poly(ester-imide)s 1 7a,c,e,g are of the type known as Schlieren or
threaded textures which are typical of a nematic and/or smectic
liquid crystalline phase. Under higher magnification the meeting of
the
"brushes"
may be observed, in order to determine the disci ination
strength of the phase. The magnification In the photomicrographs
determined in this thesis Is not great enough to definitively assign
the disclination strength. They do allow a qualitative comparison to
other textures. We believe these textures are caused by nematic
liquid crystalline phases.
The range of mesophase stability may be expressed by ATm-i.
ATm-i is greatest for 17e at 28 degees C, and smallest for 17g at
10 degrees C. A greater value for ATm-i would probably be preferred
when considering practical processing applications in industry.
The poly(ester-imide)s 17a, c, e, g all exhibited similar
cooling curves, showing one main exothermic peak at 192, 167, 136,
and 127C correspondingly (F1gs.27-30,pgs.38-41). All exhibited
supercooling before crystallization as expected. Peak shoulders
are
evident on the exotherms of 17c and 17e (F1gs.28*29,pgs.39+40).
These shoulders are most likely due to mesophase reformation upon
cooling.
Both poly(ester-imide)s 17b, and 17d, appear to be completely
amorphous based on DSC observations. No melting endotherms are
observed. A Tg is observed for 17b at 75 degrees C, (Fig.31,pg.42),
and a Tg Is observed for 17d at 75 degrees C
(Fig.32,pg.43).









































Fig. #24. PLM 17g 50C (heating)
Fig. #25. PLM 17g 170C (heating)
3 ft


































































































































































































Poly(ester-im1de)s 17f and 17h appear to be crystalline as
shown by definite melting points on DSC, Tm 1 12C 17f
(Fig.33,pg.45), Tm 160C 17h (F1g.34,pg.46). Only one endotherm was
observed for these polymers, no mesophase endotherm was observed.
Correspondingly PLM observations showed clearing temperatures of
1 12C for 17f and 164C for 17h. No birefringence was observed in
the liquid phase.
Properties of the meta-1 inked poly(ester-imlde) series are
summarized In Table 3. The poly(ester-1mlde)s 18a-h have a
geometry Imposed kink due to the meta-bonded phenyl group In the
mesogen. This kink Is a deviation from the linear geometry of the
mesogen and was expected to lower the mp of this poly(ester-imide)
series from structural models expected to be linear. The lower
melting points of this series were experimentally verified. The
melting points ranged from 73 to 136C versus 158 to237C for the
para-linked poly(ester-lmide) series.
c
n %Y1eld Tm(C)a n1nhb^L/g Tm(C) Tg(C)
18a 4 117.6 120-132 0.06 125 110
18b 5 70.2 136-138 0.20 67
18c 6 104.5 118-126 0.16
18d 7 71.5 102-122 0.23
18e 8 100.6 91-101 0.19
18f 9 107.8 85-93 0.20
18g 10 92.7 91-101 0.25
18h 12 89.3 73-87 0.23
a) Capillary melting points.
b) Inherent viscosities determined in m-cresol, c=0.5g/dL.
c) Temperatures of transition obtained by DSC.
Table 3: Properties of Poly(ester-1m1de)s, 18 Series.
The para series poly(ester-lmide)s showed liquid crystalline
properties with an even number of methylene groups In the spacer,






































































































the extra added angle of the meta linkage might supply the necessary
linearity to produce crystalline and possibly liquid crystalline
properties with an odd or even number of methylene groups. This
was not the case, as no crystalline or liquid crystalline properties
were observed from DSC or PLM determinations/except for 18a for
which a melting endotherm was observed by DSC, and a small amount
of birefringence was observed in the solid state). The system is too
kinked with either an odd or an even number of methylene groups to
form crystalline or liquid crystalline phases.
The poly(ester-1m1de)s 18a-h did not precipitate upon cooling
from a polymerization mixture. This Is most likely due to the
molecular geometry of the meta-1 inked mesogen and the lower
average molecular weights as indicated by the lower inherent
viscosities observed for this series. The poly(ester-imide)s 18a-h
did not precipitate as crystalline powders from n-hexane, instead a
thick viscous material was produced. This is another indication of
the amorphous nature of this series. The melting points of the meta
series were significantly lower than those of the para series. They
were also indefinite showing no distinct solid to liquid phase
changes. Rather, the material appeared to gradually soften and
liquefy, characteristic of an amorphous vlsco-elastlc
material.
When the meta poly(ester-lmlde) melts were cooled, the materials
remained clear, also Indicating a lack of crystalUnity.
DSC scans of the meta series poly(ester-imide)s having 4, 5,and
6 methylene groups in the spacers showed no endotherms indicating
mesophase formation. The polymer 18a having four methylene
groups in the spacer showed a melting exotherm (Tm, 125C), and a
glass transition at 1 10C. The polymer 18b with five
methylene
groups in spacer showed a Tg at 67C. The polymer 18c
with six
methylene groups in spacer showed no transitions by DSC. Based on
these results 18 d,e,f,g, and h were not analyzed by DSC, and
were
assumed amorphous.
Meta series poly(ester-imide) 18a was
examined by PLM. No
birefringence was observed. Because of this result
the other
samples were not characterized by PLM. Inherent
viscosities of the
meta poly(ester-1mide)s ranged
from 0.06 to 0.25 dL/g These values
indicate that average molecular weights
are lower than could
optimally be
achieved. We believe that by using higher purity
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monomers or a melt polymerization technique, higher molecular
weight materials could be prepared. The meta diacid chloride 16
used to prepare poly(ester-1mide)s 18a-h was not of high purity,
resulting in low inherent viscosities obtained.
Yields for the meta-poly(ester-imide)s ranged between 70 and
1 18%. In spite of the long drying periods, (30hrs.) in vacuo, the
materials retained solvent leading to the high yields.
It should be noted that the inherent viscosities of the
poly(ester-imide)s 17a and 18a
, ( O.IOdL/g and 0.06dL/g
respectively), were significantly lower than average. The
1,4-butanediol, may have less solubility in 1,2,4-trichlorobenzene at
reaction temperatures than the other diols, leading to Incomplete
reaction of monomers giving lower molecular weights.
48
Conclusions and FutMry P|?Pq
In this thesis project, sixteen novel semi-flexible trimellitimide
containing poly(ester-im1de)s were prepared by solution
polymerization techniques. The first series of eight polymers
contained a para-linkage in the trimellitimide dlcarboxylic acid
monomer whereas the second series of eight contained a
meta-linkage. The para-linked poly(ester-imide)s with four, six,
eight and ten methylene units In the flexible spacer showed
birefringent properties in the molten state Indicating a liquid
crystalline nature. The birefringent textures indicate that the
mesophases had a nematic ordering. DSC studies also showed
thermodynamic transitions indicative of mesophase formation. The
para-linked poly(ester-1mide)s containing twelve and an odd number
of methylene units appeared to be crystalline In nature, but showed no
LC behavior, The meta-llnked poly(ester-1mide)s,with the exception
of the four atom spacer poly(ester-imide), were found to be
amorphous. The inherent viscosities of the para-linked series were
higher than the viscosities of the meta-linked series indicating a
higher average molecular weight for the
para-
series. This can
probable be attributed to the purity of the monomers used in the
polymerizations.
The results of this project Indicate that this trimellitimide
containing poly(ester-lmide) system containing a meta-llnked
mesogen does not have the neccesary linearity needed to achieve an
ordered crystal or liquid crystal structure. The po1y(ester-1mide)s
that contain a para-linked mesogen do have the neccesary linearity to
achieve a crystalline structure when the number of atoms in the
spacer Is even or greater than seven. If the number of atoms is even
and less than twelve, liquid crystalline order is achieved. These
poly(ester-fmide)s could potentially be used as high strength
engineering plastics to be processed by extrusion or injection
molding.
Future plans include analyzing the liquid crystalline structure of
the para-substituted poly(ester-imide)s by X-ray diffraction
techniques and the characterization of the para series prepared by a
melt polymerization technique. Melt polymerization techniques have
been shown to produce polymers exhibiting higher molecular weights




Elemental analyses were run by Baron Consulting Company,
Orange Ct. Prior to elemental analysis samples were dried for 72
hours at 100 dergrees C using a drying pistol apparatus. Infrared
spectra were run on a Perkln-Elmer 681 Spectrophotometer. All
solids were run as potassium bromide pellets. Melting points were
run on a Mel-Temp capillary melting point apparatus and are
corrected. Inherent viscosities of poly(ester-imide)s were
determined as dilute solutions
, concentration 0.5g/dL in m-cresol
using an Ubbelohde viscometer at a constant temperature of 25
degrees C. Reagent grade chemicals and solvents were purchased
from Aldrich Chemical Company or Eastman Kodak Company and were
used without furthur purification unless specified. 1 ,5-Pentanediol,
1,7-heptanediol, 1,8-octanediol, and 1,9-nonanediol were fractionally
distilled under reduced pressure before use. Thermal analyses of
poly(ester-imide)s were determined on a Perkin-Elmer DSC-4
differential scanning calorimeter under flowing nitrogen and a
heating rate of 20 degrees per minute. Polarized light microscopy
was carried out using a Leitz-wetzler polarizing microscope
equipped with a Mettler FP-2 hot stage.
Preparation of N-(4-carboxvDhenvl)-4-(carboxv)phthalimide .13
Into a 3-necked lOOOmL round bottom flask fitted with a
condenser, magnetic stirrer, thermometer, and nitrogen Inlet tube
was placed 82.3g (0.600mol) of 4-amlnobenzolc acid and 336mL of
dimethylacetamide (DMAc). The contents were cooled to 0 degrees C.
while nitrogen was bubbled through. Trimellitlc anhydride (TMA),
I I5.2g (0.600mol) was added with stirring. It was stirred for I8h at
room temperature. Acetic anhydride, 108mL (1 17g, 1.14mol) and
pyridine, 25mL (25g, 0.3 Imol) were added to the flask. The contents
were heated at 154 degrees C for 5h. After cooling overnight, a fine
white solid precipitated from the solution. The solid was collected
by filtration, washed with cold acetone, dried In
vacuo at 90 degrees
C for 20h to give 135. 1g, 72.3%. The product was recrystallized from
50
dimethylformamide (DMF), filtered and dried in vacuo at 80 degrees C
for 12h, mp 368-372 degrees C.
Infrared Spectrum
Peaks were observed at 2500-3000 (broad OH stretch,
H-bonding), 1735 and 1785 (imide carbonyl stretch), and 1700
(aromatic COOH stretch) cm"1. The infrared spectrum was
consistent with the structure 13.
Elemental Analysis:
Anal. Calcd. for C
,
6HgN06: C, 61.74; H, 2.9 1 ; N, 4.50
Found: C, 61.60 ; H, 2.97; N, 4.55
Preparation of N-(3-carboxyDhenyl)-4-(carboxy)Dhthalim1de.14
Using a procedure Identical to the one previously described for
the preparation of 13, 48,6g (0.354 mol) of 3-amlnobenzoic acid
was placed In 200 ml DMAc. TMA 68. 1 g (0.354mol) was added.
Treatment with 64mL acetic anhydride and 15 mL pyridine gave
75.3g, 68.3% of crude N-(3-carboxyphenyl)-3-(carboxy)phthalimide
,14. Recrystallization by precipitation from DMAc into methanol
gave tan colored crystals, 72.4g, mp 395 degrees C. with
decomposition.
Infrared Spectrum
Peaks were observed at 2800
- 3200 (broad OH stretch,
H-bonding), 1735 and 1785 (Imide carbonyl stretch), and 1700
(aromatic COOH) cm"1. The Infrared spectrum was consistent with
structure 14.
Elemental Analysis:
Anal. Calcd. for C,6H9N06: C, 61.74; H, 2.91; N, 4.50
Found: C, 61.61; H, 3.15; N, 4.78
Preparation of
N-(4-chloroformvlDhenv1)-4-(chloroformv1)phtha1imide 15 from 13
To a lOOOmL one-necked round bottom flask fitted with a
condenser, magnetic stirrer, heating mantle, drying tube, and HCL
gas trap was added 33.0g (0.1 06mol) of 13, 100ml (165g, 1.39mol)
of thionyl chloride, and 10 drops of DMF. The contents were refluxed
for 8h with stirring. After cooling, the product precipitated and was
collected by filtration, washed with n-hexane, dried in vacuo at 80
degrees C. for 6h to give 37.4g, 100%. The product was purified by
precipitation from benzene into n-hexane, filtered, dried in vacuo at
80 degrees C. for lOh. A second purification gave 19.8g, 54%, mp
175-177 degrees C.
Infrared Spectrum:
Peaks were observed at 3060 and 3100 (C-H and Ar-H stretch),
1735 and 1785 (imide carbonyl stretch), and 1760 (aromatic
COCDcrn"1. The infrared spectrum was consistent with structure
15
Elemental Analysis:
Anal. Calcd. for Ci6H7N04Cl2: C, 55.47; H,2.03; N, 4.02; Cl.20.37
Found: C, 55.20; H,2.04, N, 3.87; Cl,20.50
Preparation of
N-(3-chlorofnrmylPhenvl)-4-(chloroformvl)phtha1imidel6 from 14
Using a procedure Identical to the one previously
described for
the preparation of 15, 45.0g (0.145 mole) of 14, was refluxed with
150ml (248g, 2.08mol) of thlonyl chloride, and 15 drops DMF
for 1 1h.
Crude yield 45.2g, 89.5%. Recrystalllzation gave 34.0g, 67.4%, mp
191-195 degrees C.
Infrared Spectrum:
Peaks were observed at 3060 and 3 1 00 (C-H and Ar-H
stretch), 1730 and 1785 (Imide
carbonyl stretch), and 1750 (aromatic





Anal. Calcd. for C16H7N04C12: C, 55.20; H,2.03; N,4.02; Cl,20.37
Found: C, 55.01; H, 1 .96; N,4.27; CI, 19.89
General Procedure for the Polvmeri7ation of PolvfcstPr-imiriPta
Equlmolar amounts of a diacldchloride, a dialcohol, and
1,2,4-trichlorobenzene were placed in a 200 mL one-necked round
bottom flask equipped with a heating mantle, magnetic stirring bar,
condenser, drying tube and HC1 gas trap. The flask contents were
heated at reflux with stirring until HCl(g) evolution ceased. This was
noted by testing the gas outlet with universal pH paper. Upon
cooling, the poly(ester-1mide)s with the para-linked mesogen
precipitated, was filtered, washed with n-hexane or diethyl ether
and dried in vacuo.
The poly(ester-im1de)s having the meta-llnked mesogen
remained soluble upon cooling. They were precipitated in n-hexane,
and dried in vacuo at 80 degrees C for 30h.
Polymerization of 15 with 1.4-butanediol to give polv(ester-imtde)
Using the general polymerization procedure, 0.7776g
(8.628mmol) of 1,4-butanediol was reacted with 3.0038g
(8.6278mmol) of the dlacldchlorlde 15 for 17h to produce 2.492g,
79.1%, of poly(ester-imide) 17a, having an Inherent viscosity of
0. lOdL/g. The Infrared spectrum obtained for the polymer is
consistent with the poly(ester-lmide) structure (f ig.37, pg.65) . DSC
endotherms were observed at 220 degrees C (Tm) and 237 degrees C
(Tl)(fig.14,pg.28).
Polymerization of 15 with 1 .5-pentanedlol to give polv(ester-lmlde)
UiL
Using the general polymerization procedure, 0.85 13g
(8.1737mmol)of 1,5-pentanediol was reacted with 2.846 1g
(8.1749mmol) of the dlacldchlorlde 15 for 17h to produce 2.874g,
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92.7% of poly(ester-1mide)17b, having an inherent viscosity of
0.24dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.38,pg.66).
A DSC endotherm was observed at 165 degrees C (Tm) (f1g.31,pg.42).
Polymerization of 15 with 1.6-hexanertim to give noly(ester-imide)
Using the general polymerization procedure,
0.9293g(7.8636mmol) of 1,6-hexanediol was reacted with
2.7375g(7.8629mmol) of the diacidchloride 15 for 17h to produce
2.83 1g, 91.5% of poly(ester-fmide) 17c, having an inherent viscosity
of 0.52dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.39,pg.67). DSC
endotherms were observed at 200 degrees C (Tm) and at 21 7 degrees
C(Ti)(fig.17,pg.30).
Polymerization of 15 with 1.7-heptanediol to give polv(ester-imide)
17d
Using the general polymerization procedure, 0.9889g
(7.480 Immol) of 1,7-heptanediol was reacted with
2.6048g(7.4818mmol) of the diacidchloride 15 for 17h to produce
2.736g, 89.8% of poly(ester-imide) 17d, having an inherent viscosity
of 0.65dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.40, pg.68). A
DSC endotherm was observed at 162 degrees C (Tm) (fig.32,pg.43).
Polymerization of 15 with 1.8-octanediol to give poly(ester-imlde)
JLZfi,
Using the general polymerization procedure,
1.0447g(7.1441mmol)of
1,8-octanediol was reacted with 2.487 1g(7.l437mmol) of the
diacidchloride 15 for 17h to produce 2.872g, 95.4% of
poly(ester-lmlde) 17e, having an inherent viscosity of 0.65dL/g. The
infrared spectrum obtained for the polymer is consistent with the
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poly(ester-imide) structure (f1g.41,pg.69). DSC endotherms were
observed at 165 degrees C (Tm) and 193 degrees C (Ti) (fig.20,pg.32).
Polymerization of 15 with 1 .9-nonanediol to give polv(ester-imide)
1ZL
Using the general polymerization procedure,
1.1288g(7.0436mmol) of 1,9-nonanediol was reacted with
2.4521 g(7.0432mmol) of the diacidchloride 15 for 17h to produce
2.533g, 82.6% of poly(ester-imide) 17f, having an inherent viscosity
of 0.62dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.42,pg.70). A
DSC endotherm was observed at 1 12 degrees C (Tm) (fig.33,pg.45).
Polymerization of 15 with 1.10-decanediol to give polv(ester-imide)
m
Using the general polymerization procedure, 0.3490g
(2.002mmol) of 1,10-decanediol was reacted with 0.6967g
(2.001mmol) of the diacidchloride 15 for 7.5h to produce 0.8163g,
90.7% of poly(ester-imide) 1 7g, having an inherent viscosity of
0.61 dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (flg.43, pg.71). DSC
endotherms were observed at 162 degrees C (Tm) and 172 degrees C
(TI) (f1g.23,pg.35).
Polymerization of 15 with 1.12-dodecanediol to give
polv(ester-imide) 17h
Using the general polymerization procedure, 0.3580g
(l.769mmol) of 1,12-dodecanedlol was reacted with 0.6 1 62g
(1.770mmol) of the diacidchloride 15 for 8h to produce 0.8236g,
97.1% of poly(ester-imide) 7h, having an Inherent viscosity of
0.59dL/g. The infrared spectrum obtained for the polymer Is
consistent with the poly(ester-lmide) structure (f1g.44, pg.72). A
DSC endotherm was observed at 160 degrees C (Tm)
(fig.34,pg.46).
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Polymerization Of 16 With 1 4-hutanetlinl tn Qjyp nolyfP^pr-imid^
1 8a
~~~~
Using the general polymerization procedure, 0.7403g
(8.2143mmol) of 1,4-butanediol was reacted with 2.8603g
(8.2157mmol) of the diacidchloride 16 for 1 4h to produce 3.530g,
1 17.6% of poly(ester-lmlde) 18a, having an Inherent viscosity
O.IOdL/g. The infrared spectrum obtained for the polymer Is
consistent with the poly(ester-lmide) structure (f1g.45,pg.75). A
DSC endotherm was observed at 125 degrees C (Tm) (fig.53,pg.81 ).
Polymerization of 16 with 1.5-pentanediol to give nnlv(ester-imirie)
18b
Using the general polymerization procedure, 0.8530g
(8.1947mmole) of 1,5-pentanediol was reacted with 2.8530g
(8.l947mmol) of the dlacldchlorlde 16 for 16h to produce 2. 181g,
70.2% of poly(ester-lmlde) 18b, having an inherent viscosity of
0.20dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.46,pg.74). A
DSC second order transition was observed at 67 degrees C (Tg)
(f ig.54, pg.82).
Polymerization of 16 with 1.6-hexanediol to give polv(ester-imide)
18c
Using the general polymerization procedure, 0.9079g
(7.6825mmole) of 1,6-hexanedlol was reacted with 2.675 Ig
(7.6838mmol) of the diacidchloride 16 for 14h to produce 3.158g,
104.5% of poly(ester-lmide) 18c, having an Inherent viscosity of
0. 1 6dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-fmide) structure (ftg.47, pg.75). No
DSC transitions were observed.
Polymerization of 16 with 1.7-heptanediol to give poly(ester-lmlde)
18d
Using the general polymerization procedure, 0.9997g
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(7.5617mmo1e) of 1,7-heptanediol was reacted with 2.6322g
(7.5605mmol) of the diacidchloride 16 for 16h to produce 2.202g,
71.5% of poly(ester-lmide) 18d, having an Inherent viscosity of
0.23dL/g. The Infrared spectrum obtained for the polymer is
consistent with the poly(ester-lmide) structure (f ig.48, pg.76). No
DSC analysis was run for this sample.
Polymerization of 16 with 1.8-ortanediol to give polv(ester-imirie)
le_
Using the general polymerization procedure, 1.0429g
(7. 1 3 1 8mmole) of 1 ,8-octanediol was reacted with 2.4830g
(7.1320mmol) of the diacidchloride 16 for 16h to produce 3.024g,
100.6% of poly(ester-lmide) 18e, having an inherent viscosity of
0.19dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-imide) structure (fig.49, pg.77). No
DSC analysis was run for this sample.
Polymerization of 16 with 1.9-nonanediol to give polv(ester-imide)
121
Using the general polymerization procedure, 1.1054g
(6.8976mmole) of 1,9-nonanediol was reacted with 2.40 15g
(6.8978mmol) of the diacidchloride 16 for 14h to produce 3.239g,
107.8% of poly(ester-imide) 18f, having an inherent viscosity of
.20dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-lmide) structure (flg.50, pg.78). No
DSC analysis was run for this sample.
Polymerization of 16 with 1.10-decanediol to give polv(ester-imide)
Using the general polymerization procedure, 1.1624g
(6.6695mmole) of 1,10-decanediol was reacted with 2.3223g
(6.6704mmol) of the diacidchloride 16 for 14h to produce 2.780g,
92.7% of poly(ester-imide) 18g, having an inherent viscosity of
0.25dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-lmide) structure (flg.51, pg.79). No
DSC analysis was run for this sample.
57
Polymerization of 16 with 1.12-dodecanediol to give
poly(ester-imide) 18h
Using the general polymerization procedure, 1.2708g
(6.2805mmole) of 1,12-dodecanediol was reacted with 2.1 867g
(6.2809mmol) of the diacidchloride 16 for 14h to produce 2.677g,
89.3% of poly(ester-imide) 18h, having an inherent viscosity of
0.23dL/g. The infrared spectrum obtained for the polymer is
consistent with the poly(ester-lmide) structure (f1g.52, pg.80). No
DSC analysis was run for this sample.
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